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Laser capture microdissection (LCM) is a well-established cell separation technique. It combines micros-
copy with laser beam technology and allows targeting of speciﬁc cells or tissue regions that need to be
separated from others. Consequently, this biological material can be used for genome or transcriptome
analyses. Appropriate methods of sample preparation, however, are crucial for the success of downstream
molecular analysis. The aim of this study was to objectively compare the two main LCM systems, one
based on an ultraviolet (UV) laser and the other based on an infrared (IR) laser, on different criteria rang-
ing from user-friendliness to sample quality. The comparison was performed on two types of samples:
peripheral blood mononuclear cells and blastocysts. The UV laser LCM system had several advantages
over the IR laser LCM system. Not only does the UV system allow faster and more precise sample collec-
tion, but also the obtained samples—even single cell samples—can be used for DNA extraction and down-
stream polymerase chain reaction (PCR) applications. RNA-based applications are more challenging for
both LCM systems. Although sufﬁcient RNA can be extracted from as few as 10 cells for reverse transcrip-
tion quantitative PCR (RT–qPCR) analysis, the low RNA quality should be taken into account when design-
ing the RT–qPCR assays.
 2013 The Authors. Published by Elsevier Inc. Open access under CC BY-NC-ND license. Tissue preparations are usually inhomogeneous and consist of a
mixture of different cell types [1]. This tissue complexity can affect
the outcome and interpretation of molecular studies [2]. In tran-
scriptome analysis, for example, it is very hard to assign expression
proﬁles to speciﬁc cell populations if complete tissue extracts are
used for messenger RNA (mRNA)2 extraction [2]. Therefore, isola-
tion of pure cell populations is preferable for molecular analysis.
In the past, manual methods of tissue microdissection were the
only way to obtain regions of interest from tissue sections
mounted on a glass slide [3,4]. The spectrum of manual methodsranges from crude dissection using conventional tools, such as a
scalpel or razor blade [4], to more precise methods using a sterile
needle, eventually combined with a micromanipulator [5].
Precision, avoidance of contamination, and efﬁciency of the pro-
cedure are the most important parameters in tissue microdissec-
tion [6] that cannot easily be achieved using manual
microdissection methods even when performed under a micro-
scope [7].
The problems inherent to manual microdissection were solved
with the advent of methods that use the principle of light ampliﬁ-
cation by stimulated emission of radiation (laser) for tissue micro-
dissection. Meier-Ruge and coworkers introduced the use of a laser
in microdissection and described this novel procedure as allowing
faster, more precise, more reproducible microdissection than the
manual methods [8].
The laser was coupled with a research microscope and focused
through the objective lens. This makes it possible to isolate deﬁned
target cells or even subcellular components, such as organelles and
chromosomes, from heterogeneous cell populations without con-
tamination of unwanted cells [9,10]. Isolated cell populations can
then be used for genome or transcriptome analysis.
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microdissection platforms were built almost concurrently. In
1996, Emmert-Buck and coworkers at the National Institutes of
Health introduced the infrared (IR) laser capture microdissection
system [11]. This system became commercially available by Arctu-
rus Engineering as the PixCell system a year after the ﬁrst publica-
tion describing its use. This platform is based on the placement of a
thin transparent thermoplastic ﬁlm over a tissue section. Conse-
quently, the tissue is visualized microscopically. Cells of interest
are selectively adhered to the ﬁlm with a ﬁxed-position, short-
duration, focused pulse from an IR laser [11], as shown in Fig. 1.
The adherence of the cells to the ﬁlm exceeds the adhesion to
the glass slide, which allows selective removal of the cells of inter-
est [12]. These cells are detached by lifting of the ﬁlm, which is
then transferred to a microfuge tube containing buffer solutions re-
quired for the isolation of DNA or RNA [2].
The second platform, the ultraviolet (UV) laser microbeam
microdissection system, was developed by Schütze and Lahr in
1998 [13]. A highly focused laser beam was used to cut out the
cells or regions of interest in the tissue. By increasing the power
of the laser, the desired cells were subsequently catapulted against
gravity into a collection device, as shown in Fig. 1. This system was
commercialized by PALM Zeiss Microlaser Technologies.Fig. 1. Schematic representation of the two main LCM systems: the ArctAll commercially available laser microdissection systems are
essentially based on one of these two platforms. The main varia-
tions concern system conﬁguration and intended applications. A
variety of instruments exist, but laser capture microdissection
(LCM) is the standard terminology used regardless of laser method
type [14].
In this study, the two main LCM types (IR and UV laser systems)
have been compared in terms of user-friendliness, speed, precision,
sample preparation necessities, and effect on DNA and RNA quality.
Because LCM is widely applied to several kinds of cell and tissue
types, the comparison was performed on two types of samples: bo-
vine peripheral blood mononuclear cells (PBMCs) cytocentrifuged
on a glass slide and sections of bovine blastocysts.Materials and methods
Blood sample collection
This study was approved by the ethics committee of the Faculty
of Veterinary Medicine at Ghent University (EC 2012/140). One
Belgian Blue bull and one Holstein Friesian cow from the herd of
the Faculty of Veterinary Medicine were used as blood donors.
Peripheral blood (5 ml) was collected from the tail vein byurus PixCell II IR laser system and the PALM Zeiss UV laser system.
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acetic acid (EDTA) as anticoagulant. Samples were used for PBMC
isolation within 1 h after collection.
PBMC collection and ﬁxation
PBMCs were isolated from the EDTA blood samples using eryth-
rocyte lysis buffer (EL buffer, Qiagen, Venlo, The Netherlands)
according to the manufacturer’s instructions. From each sample,
500 ll of cell suspension containing 500.000 PBMCs were cytospun
on a silanized slide (Dako, Glostrup, Denmark) by centrifugation
(5 min at 400g, Rotoﬁx 32A, Hettich, Tuttlingen, Germany). After
centrifugation, the supernatant was removed by pipetting and
the slides were air-dried. After drying for a couple of minutes, ﬁx-
ation was performed.
The glass slides that were used for evaluation of DNA quality
after LCM were incubated for 1 min in 70% ethanol.
To test the inﬂuence of the ﬁxative on the RNA quality, two dif-
ferent ﬁxatives, ethanol and methacarn, were compared. For etha-
nol ﬁxation, the glass slides were incubated in a 95% ethanol
solution for 1 min, followed by 1 min of incubation in 100% ethanol
(absolute ethanol, Merck, Darmstadt, Germany). For methacarn ﬁx-
ation, the slides were ﬁxed in a modiﬁed methacarn solution
(methanol and acetic acid in an 8:1 ratio, Merck [15–18]) for 1 min.
Because the IR LCM system requires complete dehydration of
the slides, the glass slides were dehydrated after ﬁxation by incu-
bation in pure xylene for 2  5 min. Using the UV LCM system,
both wet and dry slides can be handled. The inﬂuence of the xylene
treatment on DNA and RNA quality was evaluated by comparing
samples with and without xylene treatment after ﬁxation
(Fig. 2A). All ﬁxative solutions were prepared using RNase-free
plastics and reagents. LCM was performed on both systems in par-
allel immediately after ﬁxation of the slides.
Blastocyst collection and ﬁxation
Bovine in vitro blastocysts were produced as described previ-
ously [15]. Brieﬂy, bovine cumulus–oocyte complexes (COCs) were
aspirated from ovaries collected at a local slaughterhouse, washed
two times in Hepes–TALP (Gibco, Life Technologies, Merelbeke,
Belgium), and matured for 20 to 24 h in groups of 100 in 500 ll
of modiﬁed bicarbonate-buffered TCM 199 (Gibco, Life Technolo-
gies) supplemented with epidermal growth factor (EGF, 20 ng/ml,
Sigma, Bornem, Belgium) and gentamicin (50 mg/ml, Sigma) at
38.5 C in a humidiﬁed 5% CO2 incubator. Matured COCs were
washed in 500 ll of IVF–TALP (Gibco, Life Technologies) and incu-
bated with frozen–thawed bovine sperm (1  106 spermatozoa/
ml). After 20 h of co-incubation, excess sperm and cumulus cells
were removed by vortexing, the zygotes were washed, placed in
groups of 25 in 50-ll droplets of synthetic oviduct ﬂuid supple-
mented with 0.4% bovine serum albumin (BSA, Sigma) and ITS
(5 lg of insulin, 5 lg of transferrin, and 5 ng of selenium per milli-
liter, cat. no. I1884, Sigma), and cultured up to the blastocyst stage
(day 8 post-insemination) at 38.5 C in 5% CO2, 5% O2, and 90% N2.
After blastocyst collection, the embryo samples were prepared
for LCM as described previously [15,18]. They were washed three
times in RNase-free phosphate-buffered saline (PBS, Life Technolo-
gies) and subsequently ﬁxed for 1 h in a modiﬁed methacarn solu-
tion. After ﬁxation, the blastocysts were embedded in an RNase-
free agarose solution (2% in 1 Tris/borate/EDTA, Gentaur, Kam-
penhout, Belgium) at 60 C and immediately cooled down to 4 C
to solidify the agarose. The agarose cubes containing the blasto-
cysts were processed in an STP 420D Tissue Processor (Microm,
Prosan, Merelbeke, Belgium) and parafﬁn embedded with the
embedding center EC 350-1 (Microm). Serial sections of 10 lm
were made with a rotary microtome HM 360 (Microm) andadhered to the glass slides with a 0.7% gelatin solution. The sec-
tions were de-parafﬁnized in xylene (Yvsolab, Beerse, Belgium)
and dehydrated for 30 s with 100% and 95% ethanol (Chem-Lab,
Zedelgem, Belgium), followed by three washes in xylene.Laser capture microdissection
PBMC samples
For DNA quality assessment, duplicates of single PBMCs, pools
of 3, 5, and 10 PBMCs from male and female blood were collected
(two LCM systems, one ﬁxative, and optional xylene treatment) as
illustrated in Fig. 2A.
For RNA quality assessment, three replicates of 10 and 100
PBMCs from female blood were collected for each condition (two
LCM systems, two ﬁxatives, and optional xylene treatment) as
illustrated in Fig. 2A.Blastocyst samples
For DNA quality assessment of the embryo samples, approxi-
mately one-fourth of the trophectoderm (TE) of one blastocyst sec-
tion (i.e., 10–15 TE cells) from 3 different blastocysts were
collected per LCM system (one ﬁxative) as illustrated in Fig. 2B.
For RNA quality assessment of the embryo samples, 9 inner cell
mass (ICM) samples and 9 TE samples were collected with both
LCM systems (one ﬁxative), and the samples were divided into
three groups to perform three RNA quality tests: the amplicon
length test, the RNA integrity test, and the sample purity test, as
illustrated in Fig. 2B.PALM Zeiss UV LCM system
Individual PMBC cells were microdissected by laser pressure
catapulting (LPC) using a PALM Zeiss UV laser capture microdissec-
tion system (PALM Zeiss Microlaser Technologies, Munich, Ger-
many) as described previously [19]. After outlining with the
graphic tool, blastocyst ICM and TE were isolated using the auto-
LPC function of the system. For both LPC and autoLPC, the laser
light is focused through the objective [9], as shown in Fig. 1.
Depending on the adhesion of the cells to the glass, laser energy
was set between 70% and 85%. Selected cells are ejected against
gravity into the cap of an Eppendorf tube, ﬁlled with 10 ll of Pico-
Pure DNA or RNA extraction lysis buffer (Arcturus, Life Technolo-
gies, Merelbeke, Belgium), by a single slightly subfocal laser
pulse [20]. Because LPC is a solely laser-induced transportation
process, there is no physical or mechanical contact with the spec-
imen [20].
To verify the catapulting process and to demonstrate that no
unwanted cells were isolated, images were acquired before and
after LPC (Fig. 3C and D) or autoLPC (Fig. 4D and E). After autoLPC,
the presence of the isolated blastocyst tissue can also be veriﬁed
inside the cap of the Eppendorf tube (Fig. 4F).Arcturus PixCell II IR LCM system
Individual PBMCs were captured from the slides on CapSure
Macro LCM caps (Life Technologies) using an Acturus PixCell II IR
laser capture microscope (Life Technologies). Blastocyst ICM and
TE samples were captured on CapSure Macro LCM caps using the
method optimized in previous studies [15,18,21]. A minimal laser
spot size level of 7.5 lm was used, and the spot size was further
optimized by adjusting the laser power and pulse width. An image
of the slide was taken before and after capturing (Fig. 3A and B and
Figs. 4A and 4B), and the caps were visually checked on the number
of PBMCs collected or on the purity of the selected blastocyst mate-
rial (Fig. 4C).
Fig. 2. Overview of the performed experiments for DNA and RNA quality control after LCM: (A) on PBMCs centrifuged on a glass slide; (B) on blastocyst sections.
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DNA was extracted after LCM using the PicoPure DNA Extrac-
tion Kit (Arcturus, Life Technologies) as published before [19].The samples were incubated at 65 C for 3 h, centrifuged brieﬂy,
and heated to 95 C for 10 min to inactivate proteinase K. If poly-
merase chain reaction (PCR) could not be performed immediately
after DNA extraction, samples were stored at 20 C.
Fig. 3. Brightﬁeld images acquired before and after LCM of 3 PBMCs using the Arcturus PixCell II IR LCM system (A, B) and of 4 PBMCs using the PALM Zeiss UV LCM system (C,
D).
Fig. 4. Brightﬁeld images acquired before and after LCM of ICM and of control of the isolated material on the cap using Arcturus PixCell II IR LCM system (A–C) and in the cap
using the PALM Zeiss UV LCM system (D–F).
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Total RNA was extracted from PBMC and blastocyst LCM sam-
ples using the PicoPure RNA Isolation Kit (Arcturus, Life Technolo-
gies) according to the manufacturer’s instructions. An on-column
DNase digestion (Qiagen) was included to remove any contaminat-
ing DNA. The RNA was eluted from the column using 15 ll of elu-tion buffer. A minus reverse transcription (RT) control with
primers for glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
[22] was performed on all RNA samples to ensure that all genomic
DNA was properly digested (Cq > 45). The RNA quality and concen-
tration was determined using the Bioanalyzer system in combina-
tion with the Agilent RNA 6000 Pico Kit (Agilent Technologies,
Diegem, Belgium). First-strand complementary DNA (cDNA) was
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system (Promega, Leiden, The Netherlands) according to the man-
ufacturer’s instructions, using 10 ll of RNA and 0.5 lg of oligo-dT
primers. After reverse transcription, the cDNA was diluted 2 for
use in quantitative PCR (qPCR) reactions. If ampliﬁcation could
not be performed immediately after RNA extraction or cDNA syn-
thesis, samples were stored at 80 C.DNA quality control using PCR
For the PBMC samples, DNA quality after LCM was determined
using two PCR tests: a PCR amplicon length test and a PCR-based
bovine sex determination assay. For the blastocyst samples, only
the sex determination assay was performed.
The PCR amplicon length test was performed using primers
BtauACTB+/2 amplifying a 253-bp fragment or BtauACTB+2/5
amplifying a 1141-bp fragment of the bovine ACTB gene (Table 1).
The 10-ll PCR reaction mix consisted of 5 ll of DNA, 1 ll of 10
PCR buffer containing 2 mM MgCl2, 250 nM of each primer,
200 lM dNTPs, and 0.5 U of FastStart Taq DNA polymerase. The
PCR reaction mix was denatured at 95 C for 5 min, followed by
40 cycles of 94 C for 30 s, 60 C for 30 s, and 72 C for 1.5 min,
and a ﬁnal elongation step at 72 C for 10 min. A positive control
consisting of DNA isolated fromwhole blood and a negative control
were included in each PCR run. The PCR samples were analyzed on
2% and 0.8% agarose gels, respectively.
Sex determination was performed using primers amplifying the
bovine amelogenin gene (AMX/Y) according to the method de-
scribed by Ennis and Gallagher [23]. These primers amplify a
280-bp band in females and 280- and 217-bp bands in males (Ta-
ble 1). The PCR mix consisted of 10 ll of DNA extract, 0.5 ll of the
FAM-labeled forward primer (10 lM), 0.5 ll of the unlabeled back-
ward primer (10 lM), 1 ll of 10 PCR buffer containing 20 mM
MgCl2, 0.8 ll of dNTP mix (2.5 mM), and 0.5 U of FastStart Taq
DNA polymerase. The PCR mix was denatured at 95 C for 5 min,
followed by 38 cycles of 95 C for 30 s, 58 C for 30 s, and 72 C
for 1 min and then a ﬁnal elongation step at 72 C for 10 min. At
the end of the PCR, the temperature was kept at 4 C. Two positive
controls consisting of bull and cow DNA isolated from whole blood
and a negative control were included in each PCR. After PCR, the
ampliﬁed fragments were separated and analyzed by capillaryTable 1
Primers used for PCR and RT–qPCR.
Gene and accession
number
Primer name RTprimerDB primer
database
Primer sequence (50
GAPDH
NM_001034034
BtauGAPDH+/
2
3379 ACATACTCAGCACCA
TTCAACGGCACAGTC
YWHAZ NM_174814 BtauYWHAZ+/
1
3382 GCATCCCACAGACTA
GCAAAGACAATGACA
18SrRNA
NR_036642
Btau18SrRNA+/
1
8279 AGAAACGGCTACCAC
CACCAGACTTGCCCT
KRT18
NM_001192095
BtauKRT18+/
1
8278 GCAGACCGCTGAGAT
GCATATCGGGCCTCC
ACTB NM_173979 BtauACTB+/1 8618 CCTCACGGAGCGTGG
TCCTTGATGTCACGG
ACTB NM_173979 BtauACTB+/2 8274 CGGGACCTGACGGAC
GGAAGGAAGGCTGG
ACTB NM_173979 BtauACTB+/3 8619 GTCTTCCCGTCCATCG
TCAGGATGCCTCTCT
ACTB NM_173979 BtauACTB+/4 8620 AGTCCTTTGCCTTCCC
AAGCGATCACCTCCC
ACTB NM_173979 BtauACTB+2/
5
/ CGGGACCTGACGGAC
CTGACTGCCTCCGCA
AMELX
NM_001014984
AMELY
NM_174240
BtauAMELXY+/
1
/ CAGCCAAACCTCCCT
CCCGCTTGGTCTTGTCelectrophoresis using an ABI 3500xL Genetic Analyzer (Applied
Biosystems, Life Technologies, Merelbeke, Belgium).RNA quality control using RT–qPCR
For the PBMC samples, the RNA quality was determined using
two RT–qPCR assays: a PCR amplicon length test and a 50 ? 30
RNA integrity test. For the blastocyst samples, an additional RNA
test was performed to check the purity of the selected cell material
using Cytokeratin 18 (KRT18), which is a trophectodermal marker
in both human and bovine blastocysts [15,18].
The PCR amplicon length test was performed on cDNA with
primers BtauACTB+/1 amplifying a 94-bp amplicon of the ACTB
gene or with primers BtauACTB+/2 amplifying a 253-bp amplicon
of the ACTB gene, as described previously by Goossens and cowork-
ers [15] (Table 1). Both primer pairs have comparable PCR efﬁcien-
cies greater than 90% (Table 1) and are located in the same region
of the gene, excluding inﬂuences due to the primer position.
The 50 ? 30 RNA integrity test was performed on cDNA with
primers BtauACTB+/3 amplifying a 50 region of the ACTB gene
and with primers BtauACTB+/4 amplifying a 30 region of the ACTB
gene (Table 1). Both primers have comparable PCR efﬁciencies
greater than 90% (Table 1) and amplify an amplicon of roughly
the same length, excluding inﬂuences due to differences in ampli-
con length.
The blastocyst purity test was performed on cDNA with primer
KRT18 amplifying a 144-bp amplicon of the KRT18 gene, as de-
scribed previously [15] (Table 1).
All RT–qPCR assays were performed in duplicate on the CFX96
Touch Real-Time PCR Detection System (Bio-Rad, Nazareth-Eke,
Belgium) using the SsoAdvanced SYBR Green Supermix (Bio-Rad)
and 0.2-ml, thin-walled, 96-well PCR plates (Bio-Rad). Each 15-ll
qPCR reaction consisted of 7.5 ll of SsoAdvanced SYBR Green Mas-
ter Mix, 200 nM of each speciﬁc primer, and 2.5 ll of cDNA. The
PCR program started with an initial 3-min denaturation at 95 C
to activate the DNA polymerase, followed by 45 cycles of denatur-
ation at 95 C for 20 s and a combined primer annealing/extension
at the speciﬁc annealing temperature for 40 s during which ﬂuo-
rescence was measured. The speciﬁcity of the PCR product and
the formation of primer–dimers were checked by melting curve
analysis. No template and no reverse transcription controls were? 30) Product size
(bp)
Ta
(C)
qPCR
efﬁciency (%)
Slope Y-IC Application
PCR qPCR
GCATCAC
AAGG
119 62 100 3.32 26.45 X
TTTCC
GACCA
120 60 90 3.09 25.31 X
ATCCA
CCA
169 60 91 3.54 19.54 X
AGGA
ACTT
144 62 91 3.11 26.65 X
CTACA
ACGATTT
94 60 96 3.22 24.43 X
TAC
AAGAG
253 60 93 3.50 23.50 X X
TG
TGCTC
109 60 97 3.38 29.96 X
AAAA
CTGT
90 60 93 3.49 22.60 X
TAC
CCT
1141 61 / X
CTGC
TGTTGC
280
217
58 / X
94 Laser capture microdissection: UV or IR laser? /M. Vandewoestyne et al. / Anal. Biochem. 439 (2013) 88–98included (Cq > 45), and a 5-point, 4-fold serial dilution series made
of cDNA isolated from bovine blood (4log10 linear dynamic range)
gave information about the PCR efﬁciencies, the slopes, and the y-
intercepts (Table 1) and correlation coefﬁcients of the assays. PCR
product identity was conﬁrmed by agarose gel electrophoresis
and by sequencing. All primers for qPCR were submitted to the
RTPrimerDB primer database [24], and additional information
about the primers (desalted, Sigma) and the qPCR assays is listed
in Table 1.
All RT–qPCR experiments were conducted according to the
MIQE (minimum information for publication of quantitative real-
time PCR experiments, MIQE checklist; see Additional File 1 of Sup-
plementary material) guidelines [25]. Cq values were converted
into raw data and analyzed by the DDCq method as described by
Hellemans and coworkers [26] using the geometric mean of three
reference genes (GAPDH, YWHAZ, and 18SrRNA) as a normalization
factor [22,27] (Table 1; see Additional File 2 of Supplementary
material). Statistical analyses were done on log-transformed data
by the GraphPad InStat program. P values 6 0.05 were considered
as statistically signiﬁcant.Table 2
Results of PCR amplicon length test on LCM isolated PBMCs.Results and discussion
User-friendliness and speed
Both systems are equipped with user-friendly, application-ded-
icated, and easy-to-learn software. Moreover, the UV system can
be automated, resulting in faster and more user-friendly sample
collection.
Throughout the performed experiments, it became clear that
working with the IR system is more time-consuming than working
with the UV system. On average, roughly double the amount of
time was needed to collect the same amount of samples. Because
LCM is performed at room temperature, RNA quality decreases
during microdissection [28]. Therefore, it is important to keep
the LCM process as short as possible.Number of
isolated cells
Arcturus PixCell
II IR LCM
PALM Zeiss UV LCM
Xylene treated Not xylene treated Xylene treated
Male Female Male Female Male Female
1 No
result
No
result
253 bp No result 253 bp No result
3 No
result
No
result
253 bp 253 bp 253 bp 253 bp
5 253 bp No
result
No
result
253 bp 253 bp 253 bp
10 No
result
No
result
253 bp 253 and
1141 bp
253 bp 253 and
1141 bp
Table 3
Sex determination on LCM isolated PBMCs.
Number of
isolated cells
Arcturus PixCell II IR
LCM
PALM Zeiss UV LCM
Xylene treated Not xylene treated Xylene treated
Male Female Male Female Male Female
1 No result No
result
280 bp (ADO
217 bp)
280 bp 280 and
217 bp
No
result
3 No result 280 bp No result 280 bp 280 and
217 bp
280 bp
5 280 bp (ADO
217 bp)
No
result
280 and
217 bp
280 bp 280 and
217 bp
280 bp
10 No result No
result
280 and
217 bp
280 bp 280 and
217 bp
280 bp
Note: ADO, allelic drop-out.Precision and avoidance of contamination
Cell collection directly in the tube (UV system) or on the cap (IR
system) is another important point of difference between both sys-
tems. Physical contact with the specimen should be avoided as
much as possible during and after dissection of the sample; how-
ever, this is not the case for the IR system because adhesive ﬁlms
attached to a cap are used for laser microdissection (Fig. 1). Conse-
quently, this microdissection method is associated with a risk of
contamination with nonselected material. As shown in Fig. 4B,
some TE cells were co-isolated together with the selected ICM cells.
The presence of some contaminating TE material in the ICM sam-
ples collected by the IR system was, although very little, also con-
ﬁrmed by the blastocyst purity test using the Cytokeratin 18
marker for TE cells, as shown in Fig. 4C and further described be-
low. Moreover, after microdissection, release of the cells from the
cap for downstream procedures such as DNA and RNA extraction
can be difﬁcult.
The UV system enables the transfer of the selected cells or tis-
sue without any mechanical contact but solely by the force of fo-
cused laser light [13]. Due to the fact that the catapulting process
is performed against gravity, only the selected samples will be
found in the cap without any contamination by surrounding mate-
rial [20]. This guarantees contamination-free isolation of morpho-
logically deﬁned pure cell populations.
Furthermore, the diameter of the laser beam is much broader in
the IR system (7.5 lm) than in the UV system (0.5 lm); hence, the
microdissection is less precise in the former system [29]. Using asmaller laser beam diameter clearly showed to be advantageous
when isolating ICM and TE from the blastocyst sections. Both cell
types are in close contact with each other, and the broader the
diameter of the laser beam, the higher the risk of collecting un-
wanted material.
As mentioned before, this is reﬂected in results of the blastocyst
sample purity test. KRT18, the marker for TE cells was expressed in
all TE samples. A very weak KRT18 expression signal was found in
two of the three IR ICM samples (Cq values = 34.11 and 35.04),
whereas only one UV ICM sample showed minimal traces of
KRT18 expression (Cq = 36.36). These results conﬁrm the ﬁndings
of our previous studies that LCM is a robust method to separate
homogeneous ICM and TE cell samples from single bovine blasto-
cysts for downstream RT–qPCR analysis. Both LCM systems per-
form well (i.e., minimal TE contamination in ICM samples),
although the level of KRT18 expression was even lower in samples
isolated with the UV system compared with samples isolated with
the IR system.
Finally, using the IR system, difﬁculties arise when tissue sec-
tions are thicker than 10 lm, whereas the UV system can theoret-
ically be used for microdissection of tissue sections up to 200 lm
thick [30]. As shown in Fig. 4B, some ICM material stays attached
to the glass slide after LCM with the IR system, whereas all cells
are removed from the slide using the UV system (Fig. 4E).
Sample preparation necessities
In a preliminary experiment, performed on cytocentrifuged
PBMCs, xylene dehydration was not included in the protocol.
When trying to isolate PBMCs, it was impossible to release these
cells from the slides with the IR system. This problem was also
mentioned in other studies [31,32] and was likely caused by the
fact that the cells were too wet to stick to the adhesive ﬁlm. Xylene
Fig. 5. Relative RNA expression levels of ACTB in samples of 10 and 100 cells ﬁxed
with ethanol (EtOH) or methacarn (MC) with or without xylene dehydration and
isolated with the UV system. The results for the primer pair BtauACTB+/2 are
shown in this ﬁgure, but the same tendency was seen with other ACTB primer pairs.
Table 4
Sex determination on LCM isolated blastocyst samples.
Number of isolated cells Arcturus PixCell II IR LCM PALM Zeiss UV LCM
10 to 15 Male 280 and 217 bp Female 280 bp
10 to 15 Male 280 and 217 bp Female 280 bp
10 to 15 Male 280 and 217 bp Male 280 and 217 bp
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LCM with IR systems [18,30,31] and, therefore, was included as a
sample preparation step before LCM.
To test the effect of xylene treatment on DNA and RNA quality,
samples treated with and without xylene were compared. For obvi-
ous reasons, this comparison was possible only with the UV sys-
tem. No negative effect of xylene dehydration on DNA and RNA
quality was observed (Tables 2 and 3 and Fig. 5). However, this
additional step makes the protocol more laborious and time-con-
suming. Moreover, even with the inclusion of xylene dehydration,
problems were still encountered with the IR system. Cells did notFig. 6. Principle and results of the RNA amplicon length test (A, B) and the RNA integrity a
pairs for ACTB generating amplicons of 253 bp (BtauACTB+/2) and 94 bp (BtauACTB+/
isolated with the UV and IR systems (A,B). The RNA integrity assay with primers located a
highly signiﬁcant (P 6 0.01) differences in ACTB expression in all sample groups isolatedconsequently get of the slide, especially in combination with the
methacarn ﬁxation method. This resulted in unreliable collection
of exact cell numbers and the need for a visual control of each sam-
ple. The difﬁcult detachment of cells from the glass slides after
methacarn ﬁxation was speciﬁc for PBMC samples and cannot be
generalized [32]. For the methacarn ﬁxed blastocyst sections, no
difﬁculties were experienced.
Effect on DNA and RNA quality
DNA quality
The DNA quality of the PBMC samples was determined by two
PCR assays. First, the integrity of the isolated DNA was checked
by a PCR amplicon length test (Table 2). In addition, the samples
were subjected to a routine PCR test for bovine sex determination.
The PCR amplicon length test showed that the samples isolated
with the UV system resulted in good PCR ampliﬁcation in the
majority of the samples, at least for short PCR amplicons. The
ampliﬁcation of long DNA fragments (>1000 bp) was more chal-
lenging and succeeded only in the samples with 10 cells. No detri-
mental effects of xylene treatment on the DNA quality were found.
Samples collected with the IR system were not suitable for reli-
able PCR ampliﬁcation (neither short nor long PCR amplicons), at
least not with the low numbers of cells tested in this experiment.
In only one sample, a ﬁve-cell sample, could the 253-bp fragment
be ampliﬁed. The other PCR samples were negative.
To establish the minimal number of cells necessary to deter-
mine bovine sex, between 10 cells and a single cell were microdis-
sected, followed by PicoPure DNA extraction and ampliﬁcation of
the bovine amelogenin gene (AMX/Y). In females only one band
(280 bp) is detected, whereas in males two bands (280 and
217 bp) are detected. The results, on both male and female bovine
blood, are shown in Table 3.
Using the IR system, no satisfying results could be obtained,
which was in agreement with the expectation based on the results
of the PCR amplicon length test. Of eight analyzed samples, only
one generated the correct result, whereas in most samples no
DNA was ampliﬁed. Using the UV system, all samples where ﬁve
or more cells were isolated generated the correct result irrespec-ssay (C, D) performed on 100 PBMC cells. The amplicon length test using two primer
1) showed signiﬁcant differences (P 6 0.05) in ACTB expression in all sample groups
t the 50 end (BtauACTB+/3) or the 30 end (BtauACTB+/4) of the ACTB gene showed
with the UV and IR systems (C, D).
Fig. 7. Results of the RNA amplicon length test (A), the RNA integrity assay (B), and
the sample purity test (C) on ICM and TE samples collected using the IR and UV
systems. The RNA amplicon test showed signiﬁcant differences (P 6 0.05) in ACTB
expression for both primer pairs except in the UV ICM group. The RNA integrity
assay showed signiﬁcant differences (P 6 0.05) in ACTB expression between both
primer pairs except in the IR ICM group. The sample purity test using the KRT18
marker for TE cells was positive in all TE samples and showed very weak (IR) or no
(UV) KRT18 RNA expression in the ICM samples.
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single cell was isolated, sex could be determined correctly. In an-
other single cell sample, allelic drop-out occurred, probably due
to preferential ampliﬁcation of the low amount of input DNA.
The DNA quality of the blastocyst samples was determined by
the bovine sex determination assay. Using both systems, satisfying
results could be obtained, as shown in Table 4. The number of cells
in these samples is estimated at between 10 and 15, explaining the
better results on blastocysts than on PBMCs.
RNA quality
The RNA quality was ﬁrst tested using the Bioanalyzer system in
combination with the Agilent RNA 6000 Pico Kit (Agilent Technol-
ogies). However, the RNA amounts isolated from both PBMC and
blastocyst samples were too low to allow reliable RNA integrity
number (RIN) calculations. As an alternative, two RT–qPCR-based
tests were performed to evaluate the quality of the isolated RNA.
The RNA amplicon length test on PBMC samples showed signif-
icant differences (P 6 0.05) in ACTB mRNA detection levels when
primers amplifying a long amplicon (253-bp BtauACTB+/2) or
primers amplifying a short amplicon (94-bp BtauACTB+/1) were
used (Fig. 6A and B). This difference was found in all samples iso-
lated with the UV system. It can be concluded that this difference
points to RNA degradation and that the degradation is inherent to
the LCM system and not due to the inﬂuence of a particular ﬁxative
or xylene treatment.
In the samples obtained using the IR system, the difference be-
tween mRNA expression levels of the long and short amplicons
was smaller; however, this cannot be fully attributed to a higher
RNA quality in these samples because lower ACTB mRNA levels
were measured with the short amplicon primers, reﬂecting overall
lower RNA yield.
The results of the RNA amplicon length test on blastocyst sam-
ples conﬁrm the ﬁndings on PBMC samples; signiﬁcantly higher
ACTB mRNA expression was detected with primers amplifying
the short amplicon (P 6 0.05) except in the UV ICM group (Fig. 7A).
The RNA integrity assay on PBMC samples showed very large
differences (P 6 0.01) in ACTB detection when primers amplifying
the 50 end (BtauACTB+/3) or primers amplifying the 30 end (Btau-
ACTB+/4) were used (Figs. 6C and D). This difference was found in
all test groups and conﬁrmed the high degree of RNA degradation.
The results of the RNA integrity assay on ICM and TE samples
were in agreement with the ﬁndings on PBMC samples; signiﬁcant
differences in ACTB expression were found when amplifying the 50
or 30 end of the gene (P 6 0.05) except in the IR ICM group (Fig. 7B).
The results of the RNA quality PCRs on blastocyst samples were, at
ﬁrst sight, in contrast with our previous study [15] describing no
signiﬁcant effect of the primer position or amplicon length on
the RT–qPCR outcome. However, in our former study, a combina-
tion of oligo-dT primers and random hexamer primers was used
for reverse transcription, whereas in this study only oligo-dT prim-
ing was used for reverse transcription. The exclusive use of oligo-
dT primers is imperative to draw conclusions about the RNA integ-
rity [33].
Based on the ﬁndings of the RT–qPCR tests for RNA quality
assessment, it can be concluded that samples isolated using both
LCM methods can be used for RT–qPCR analysis. Due to the high
degree of RNA degradation, however, care should be taken in the
design of the RT–qPCR assays to minimize the inﬂuences of the
RNA degradation on the outcome of RNA expression studies. Be-
cause oligo-dT priming requires full-length RNA, it is not an effec-
tive choice for transcribing fragmented or degraded RNA [34,35]. It
is known that the use of both oligo-dT and random primers for re-
verse transcription greatly reduces the effects of low RNA integrity
on subsequent qPCR results [33]; hence, it is recommended to use
random oligo primers for reverse transcription of the degradedLCM RNA samples whether or not in combination with oligo-dT
primers. In addition, primers for RT–qPCR should be designed to
amplify short amplicons (<100 bp), preferentially in the 30 region
of the gene.
The impact of the LCM systems on DNA and RNA quality can be
explained by their technical speciﬁcations. The UV system, on the
one hand, generates minimal heat during microdissection [29]. At
the focal point, unwanted material is disintegrated into atoms
and small molecules, a phenomenon called ablative photo-decom-
position [20]. The extremely high photon density of the laser beam
results in locally very high temperatures, but because this is a fast
photochemical process without heat transfer, adjacent material
out of the focal plane is not affected [18,36,37]. The nonfocused la-
ser light is scattered through adjacent areas but has no impact on
the specimen because of the reduced photon density out of focus
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wavelengths for DNA and RNA [20]. The IR system, on the other
hand, generates heat (90 C) that potentially might be harmful
for nucleic acids, although the thermal effect is transient [36,37].
Recovery of DNA and RNA after LCM could also be inﬂuenced by
the way cells are isolated. Theoretically, the IR laser system isolates
intact cells, but because the thermoplastic ﬁlm attaches only to the
top of a cell or tissue section, these cells are sometimes torn in half
horizontally if they have a strong attachment to the glass. As
shown in Fig. 4B, biological material sometimes stays visibly at-
tached to the slide after LCM.
When performing LPC with the UV system, a gas pressure force
developing under the cellular material is sufﬁcient to detach it
from the glass and to transport it with high speed against gravity.
Depending on the cell and tissue type and its adhesion to the glass,
various sizes of tissue ﬂakes, and thereby more or less intact cells,
are obtained in the cap of the Eppendorf tube.
The UV system also allows the use of membrane slides. The
polyethylene naphthalate (PEN) or polyethylene terephthalate
(PET) membrane serves as a backbone for the biological material.
Using the laser microdissection and pressure catapulting (LMPC)
function, the laser ﬁrst cuts out the selected area together with
the underlying membrane and then catapults it into the collection
device [38]. The use of membrane slides makes sure that the tissue
morphology is retained during LCM [20].
However, the aim of this study was to make the starting mate-
rial (i.e., the cells or tissue on the slides) exactly the same for both
LCM systems in order to eliminate differences not related to the la-
ser system itself—and not to make a comparison between mem-
brane and glass slides. Moreover, several recent publications
have shown that high-quality RNA can be retrieved using LPC on
regular glass slides [39,40]. In our opinion, whether cells are intact
or not after LCM has little impact on downstream DNA and RNA
analysis. For the UV system, this was previously shown by Vogel
and coworkers [38], who stated that mechanical rupture and disin-
tegration of a sample during LPC imposes no problem for subse-
quent analysis.Conclusions
The comparison of UV and IR laser systems performed in this
study has shown that the UV laser system has several advantages
over the IR laser system. The former is faster and more precise,
and the obtained samples can successfully be used for DNA extrac-
tion and downstream PCR applications. Even single cell PCR is
feasible.
Furthermore, it can be concluded from both RT–qPCR assays
that it is possible, using one of both LCM systems, to isolate sufﬁ-
cient RNA for RT–qPCR analysis from as little as 10 PBMCs. Never-
theless, the possibility of RNA degradation needs to be taken into
consideration when designing primers for the RT–qPCR assay.
Primers located at the 30 end and amplifying short PCR amplicons
should preferentially be used because these are the least suscep-
tive to RNA degradation.
Overall, it can be stated that LCM is a valuable technique that
can be applied in a very broad range of applications. The type of
LCM system that is used should be considered carefully in view
of the starting material and following downstream applications.Acknowledgments
This work was supported by Ghent University (BOF12/GOA/
011- Pathways to pluripotency and differentiation in embryos
and embryonic stem cells) and by the Research Foundation – Flan-
ders (FWO), ‘[grant numbers 1253810N, G059310N, G073112Nand 1248413N]’. The authors thank Isabel Lemahieu, Petra Van
Damme and Lobke De Bels for their excellent technical assistance,
Simon Vermote for design of ﬁgure 1 and Ruben Van Gansbeke for
administrative support.Appendix A. Supplementary data
Supplementary data associated with this article can be found, in
the online version, at http://dx.doi.org/10.1016/j.ab.2013.04.023.
References
[1] S. Lorkowski, P. Cullen, Analyzing Gene Expression, Wiley–VCH, Weinheim,
Germany, 2003.
[2] F. Fend, M. Raffeld, Laser capture microdissection in pathology, J. Clin. Pathol.
53 (2000) 666–672.
[3] G.I. Murray, An overview of laser microdissection technologies, Acta
Histochem. 109 (2007) 171–176.
[4] I.A. Eltoum, G.P. Siegal, A.R. Frost, Microdissection of histologic sections: past,
present, and future, Adv. Anat. Pathol. 9 (2002) 316–322.
[5] J.J. Going, R.F. Lamb, Practical histological microdissection for PCR analysis, J.
Pathol. 179 (1996) 121–124.
[6] A. Walch, P. Komminoth, P. Hutzler, M. Aubele, H. Hoﬂer, M. Werner,
Microdissection of tissue sections: application to the molecular genetic
characterization of premalignant lesions, Pathobiology 68 (2000) 9–17.
[7] S. Hernandez, J. Lloreta, Manual versus laser micro-dissection in molecular
biology, Ultrastruct. Pathol. 30 (2006) 221–228.
[8] W. Meier-Ruge, W. Bielser, E. Remy, F. Hillenkamp, R. Nitsche, R. Unsold, The
laser in the Lowry technique for microdissection of freeze-dried tissue slices,
Histochem. J. 8 (1976) 387–401.
[9] A. Ladanyi, F. Sipos, D. Szoke, O. Galamb, B. Molnar, Z. Tulassay, Laser
microdissection in translational and clinical research, Cytometry A 69 (2006)
947–960.
[10] K. Schutze, Y. Niyaz, M. Stich, A. Buchstaller, Noncontact laser microdissection
and catapulting for pure sample capture, Methods Cell Biol. 82 (2007) 649–
673.
[11] M.R. Emmert-Buck, R.F. Bonner, P.D. Smith, R.F. Chuaqui, Z. Zhuang, S.R.
Goldstein, R.A. Weiss, L.A. Liotta, Laser capture microdissection, Science 274
(1996) 998–1001.
[12] F. von Eggeling, C. Melle, G. Ernst, Microdissecting the proteome, Proteomics 7
(2007) 2729–2737.
[13] K. Schütze, G. Lahr, Identiﬁcation of expressed genes by laser-mediated
manipulation of single cells, Nat. Biotechnol. 16 (1998) 737–742.
[14] V. Espina, M. Heiby, M. Pierobon, L.A. Liotta, Laser capture microdissection
technology, Expert Rev. Mol. Diagn. 7 (2007) 647–657.
[15] K. Goossens, W. De Spiegelaere, M. Stevens, C. Burvenich, B. De Spiegeleer, P.
Cornillie, A. Van Zeveren, A. Van Soom, L. Peelman, Differential microRNA
expression analysis in blastocysts by whole mount in situ hybridization and
reverse transcription quantitative polymerase chain reaction on laser capture
microdissection samples, Anal. Biochem. 423 (2012) 93–101.
[16] M.L. Cox, C.L. Schray, C.N. Luster, Z.S. Stewart, P.J. Korytko, K.N.M. Kahn, J.D.
Paulauskis, R.W. Dunstan, Assessment of ﬁxatives, ﬁxation, and tissue
processing on morphology and RNA integrity, Exp. Mol. Pathol. 80 (2006)
183–191.
[17] M.L. Cox, S.M. Eddy, Z.S. Stewart, M.R. Kennel, M.Z. Man, J.D. Paulauskis, R.W.
Dunstan, Investigating ﬁxative-induced changes in RNA quality and utility by
microarray analysis, Exp. Mol. Pathol. 84 (2008) 156–172.
[18] M. Filliers, W. De Spiegelaere, L. Peelman, K. Goossens, C. Burvenich, L.
Vandaele, P. Cornillie, A. Van Soom, Laser capture microdissection for gene
expression analysis of inner cell mass and trophectoderm from blastocysts,
Anal. Biochem. 408 (2011) 169–171.
[19] M. Vandewoestyne, F. Van Nieuwerburgh, D. Van Hoofstat, D. Deforce,
Evaluation of three DNA extraction protocols for forensic STR typing after
laser capture microdissection, Forensic Sci. Int. Genet. 6 (2012) 258–262.
[20] Y. Niyaz, M. Stich, B. Sagmuller, R. Burgemeister, G. Friedemann, U. Sauer, R.
Gangnus, K. Schutze, Noncontact laser microdissection and pressure
catapulting: sample preparation for genomic, transcriptomic, and proteomic
analysis, Methods Mol. Med. 114 (2005) 1–24.
[21] W. De Spiegelaere, M. Filliers, A. Van Soom, Laser capture microdissection for
gene expression analysis of speciﬁc cell populations in single blastocysts,
Methods Mol. Biol. 853 (2012) 29–37.
[22] K. Goossens, M. Van Poucke, A. Van Soom, J. Vandesompele, A. Van Zeveren, L.J.
Peelman, Selection of reference genes for quantitative real-time PCR in bovine
preimplantation embryos, BMC Dev. Biol. 5 (2005) 27.
[23] S. Ennis, T.F. Gallagher, A PCR-based sex-determination assay in cattle based
on the bovine amelogenin locus, Anim. Genet. 25 (1994) 425–427.
[24] S. Lefever, J. Vandesompele, F. Speleman, F. Pattyn, RTPrimerDB: the portal for
real-time PCR primers and probes, Nucleic Acids Res. 37 (2009) D942–D945.
[25] S.A. Bustin, V. Benes, J.A. Garson, J. Hellemans, J. Huggett, M. Kubista, R.
Mueller, T. Nolan, M.W. Pfafﬂ, G.L. Shipley, J. Vandesompele, C.T. Wittwer, The
MIQE guidelines: minimum information for publication of quantitative real-
time PCR experiments, Clin. Chem. 55 (2009) 611–622.
98 Laser capture microdissection: UV or IR laser? /M. Vandewoestyne et al. / Anal. Biochem. 439 (2013) 88–98[26] J. Hellemans, G. Mortier, A. De Paepe, F. Speleman, J. Vandesompele, QBase
relative quantiﬁcation framework and software for management and
automated analysis of real-time quantitative PCR data, Genome Biol. 8
(2007) R19.
[27] A. De Ketelaere, K. Goossens, L. Peelman, C. Burvenich, Technical note:
validation of internal control genes for gene expression analysis in bovine
polymorphonuclear leukocytes, J. Dairy Sci. 89 (2006) 4066–4069.
[28] M. Clement-Ziza, A. Munnich, S. Lyonnet, F. Jaubert, C. Besmond, Stabilization
of RNA during laser capture microdissection by performing experiments under
argon atmosphere or using ethanol as a solvent in staining solutions, RNA 14
(2008) 2698–2704.
[29] B. Domazet, G.T. Maclennan, A. Lopez-Beltran, R. Montironi, L. Cheng, Laser
capture microdissection in the genomic and proteomic era: targeting the
genetic basis of cancer, Int. J. Clin. Exp. Pathol. 1 (2008) 475–488.
[30] V. Espina, J.D. Wulfkuhle, V.S. Calvert, A. VanMeter, W. Zhou, G. Coukos, D.H.
Geho, E.F. Petricoin 3rd, L.A. Liotta, Laser-capture microdissection, Nat. Protoc.
1 (2006) 586–603.
[31] K. Kinnecom, J.S. Pachter, Selective capture of endothelial and perivascular
cells from brain microvessels using laser capture microdissection, Brain Res.
Brain Res. Protoc. 16 (2005) 1–9.
[32] C. Bevilacqua, S. Makhzami, J.C. Helbling, P. Defrenaix, P. Martin, Maintaining
RNA integrity in a homogeneous population of mammary epithelial cells
isolated by laser capture microdissection, BMC Cell Biol. 11 (2010) 95.[33] J. Vermeulen, K. De Preter, S. Lefever, J. Nuytens, F. De Vloed, S. Derveaux, J.
Hellemans, F. Speleman, J. Vandesompele,Measurable impact of RNA quality on
gene expression results fromquantitative PCR, Nucleic Acids Res. 39 (2011) e63.
[34] G.H. Swift, M.J. Peyton, R.J. MacDonald, Assessment of RNA quality by semi-
quantitative RT–PCR of multiple regions of a long ubiquitous mRNA,
Biotechniques 28 (2000) 524–531.
[35] S.A. Bustin, V. Benes, T. Nolan, M.W. Pfafﬂ, Quantitative real-time RT–PCR: a
perspective, J. Mol. Endocrinol. 34 (2005) 597–601.
[36] S.R. Goldstein, P.G. McQueen, R.F. Bonner, Thermal modeling of laser capture
microdissection, Appl. Opt. 37 (1998) 7378–7391.
[37] A. Maitra, A.F. Gazdar, Tissue microdissection and processing, Cancer Treat.
Res. 106 (2001) 63–84.
[38] A. Vogel, V. Horneffer, K. Lorenz, N. Linz, G. Huttmann, A. Gebert, Principles of
laser microdissection and catapulting of histologic specimens and live cells,
Methods Cell Biol. 82 (2007) 153–205.
[39] M.L. Brosnahan, D.M. Kulis, A.R. Solow, D.L. Erdner, L. Percy, J. Lewis, D.M.
Anderson, Outbreeding lethality between toxic group I and nontoxic group III
Alexandrium tamarense spp. isolates: predominance of heterotypic encystment
and implications for mating interactions and biogeography, Deep-Sea Res. II
(57) (2010) 175–189.
[40] J.B. Lauridsen, J.L. Johansen, J.C. Rekling, K. Thirstrup, A. Moerk, T.N. Sager,
Regulation of the Bcas1 and Baiap3 transcripts in the subthalamic nucleus in
mice recovering from MPTP toxicity, Neurosci. Res. 70 (2011) 269–276.
